Chapter 5
Sources of Further Information

5-1. Finite Element Codes Used in the
Analysis of Past Corps of Engineers
Geotechnical Projects

Table 2 lists the finite element codes which have been
used in the past on Corps' projects. The table also
lists the applications and office symbols at the
Waterways Experiment Station where further
information can be obtained about each code.

5-2. References

A list of selected references has been compiled in the
bibliography for purposes of assisting design engineers
with their finite element analyses. The list is by no
means intended to be complete but is intended to
provide finite element users with places to go to get
started with applying the finite element method to a
given problem in geotechnical engineering. The list
was compiled with a focus toward the collection of
sample problems to aid a designer in becoming
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familiar with the methods used by other analysts to
solve similar problems. The list is divided into seven
categories which includes selected references on:

a) Text books and general references.

b) Embankment dams.

c) Constitutive models.

d) Seepage analysis.

e) Soil-structure interaction analysis.

f) Reinforced earth analysis.

g) Consolidation.

h) Dynamic analysis of embankment dams.
a. Text books and general references.

Bathe, K. J. (1982). Finite Element Procedures in
Engineering Analysis. Prentice-Hall, Englewood
Cliffs, NJ.

Desai, C. S., and Christian, J. T. (1977). Numerical
Methods in Geotechnical Engineering. McGraw-Hill,
New York.

Hinton, E., and Owen, D. R. J. Finite Element
Programming. Academic Press, San Diego, CA.
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Table 2. Finite Element Codes Used In Analysis of Corps Geotechnical Projects

Source/s for further

Code Name Geometry Applications Information
STUBBS Plane strain Statics, Soil-structure CE-WES-GS-GC
Axisymmetric Interaction, Consolidation,
Transient Seepage
SOILSTRUCT Plane strain Statics, Soil-structure CE-WES-IM-DI
interaction
FEADAM Plane strain Static analysis of earth CE-WES-IM-DI
embankments
FLUSH Plane strain Earthquake analysis, CE-WES-GS-GC
dynamic soil structure
interaction
TARA Plane strain Earthquake analysis CE-WES-GG-H
CSEEP Plane flow Steady state seepage CE-WES-IM-DI
Plan view flow
Axisymmetric
CSEEP3D (Tracy 1991) 3-D flow Steady state seepage CE

-WES-IM-DI
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Hughes, T. J. R. (1987). The Finite Element
Method, Linear Static and Dynamic Finite Element
Analysis. Prentice-Hall, Englewood Cliffs, NJ.

Lewis, R. W., and Schrefler, B. A. (1987). The
Finite Element Method in the Deformation and
Consolidation of Porous Media. Wiley, New York.

Zienkiewicz, O. C. (1977). The Finite Element
Method. 3rd ed., McGraw Hill, New York.

b. Embankment dams.

Chang, C. S., and Duncan, J. M. (1977). “Anal-
ysis and Consolidation of Earth and Rockfill Dams,”
Volumes 1 and 2, Contract Report S-77-4,

U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS.

Clough, R. W., and Woodward, R. J. (1967).
“Analysis of Embankment Stress and Deforma-
tions,” Proceedings Paper 5329, Journal of Soil
Mechanics and Foundations Division, ASCE
93(SM4), 529-549.

Duncan, J. M, Seed, R. B, Wong, K. S., and
Mabry, P. (1984). “FEADAMS84: A Computer
Program for the Finite Element Analysis of Dams,”
Research Report No. SU/GT/84-03, Stanford
University, Stanford, CA.

Kulhawy, F. H., and Duncan, J. M. (1972).
“Stresses and Movements in Oroville Dam,” Journal
of Soil Mechanics and Foundations Division, ASCE
98(SM7), New York.

Kulhawy, F. H., Duncan, J. M., and Seed, H. B.
(1969). “Finite Element Analysis of Stresses and
Movements in Embankments During Construction,”
Geotechnical Engineering Report TE-69-4, Berkeley,
CA; also U.S. Army Engineer Waterways
Experiment Station Contract Report S-69-8,
Vicksburg, MS.

Lefebvre, G., and Duncan, J. M. (1971). “Three
Dimensional Finite Element Analysis of Dams,”
Contract Report S-71-6, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS.

Nobari, E. S., Lee, K. L., and Duncan, J. M.
(1973). “Hydraulic Fracturing in Zoned Earth and
Rockfill Dams,” Contract Report S-73-2, U.S. Army
Engineer Waterways Experiment Station, Vicksburg,
MS.
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Reyes, S. F., and Deene, D. K. (1966). “Elastic
Rustic Analysis of Underground Openings by the
Finite Element Method,” Proceedings of the 1st
Congress of the International Society of Rock
Mechanics, Lisbon, 477-486.

Skermer, N. A. (1973). “Finite Element Analysis
of El Infiernillo Dam,” Canadian Geotechnical
Journal 10(2), 129-144.

Soriano, A., Duncan, J. M., Wong, K., and Simon,
J. (1976). “Finite Element Analyses of Stresses and
Movements in Birch Dam,” Contract Report S-76-2,
U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS.

c. Constitutive models.

Duncan, J. M., Byrne, P., Wong, K. S., and
Mabry, P. (1980). “Strength, Stress-Strain and
Bulk Modulus Parameters for Finite Element
Analyses of Stresses and Movements in Soil
Masses,” Geotechnical Engineering Research Report
No. UCB/GT/80-01, Department of Civil
Engineering, University of California, Berkeley,
CA.

Duncan, J. M., and Chang, C. Y. (1970).
“Nonlinear Analysis of Stress and Strain in Soils,”
Journal of Soil Mechanics and Foundations Division,
ASCE 96(SM5), 1629-1653.

Finn, W. D. L., Lee, K. W., and Martin, G. R.
(1977). “An Effective Stress Model for Lique-
faction,” Proceedings Paper 13008, Journal of
Geotechnical Engineering Division, ASCE
103(GT6), 517-533.

Irmay, S. (1954). “On the Hydraulic Conductivity
of Unsaturated Soils,” EOS Transactions of the
American Geophysical Union, 35.

Peters, J. F., and Valanis, K. C. (1992). “Compu-
tational Aspects of Endochronic Plasticity.” Modern
Approaches to Plasticity, Horton, Greece.

Roscoe, K. H., and Schofield, A. N. (1963).
“Mechanical Behavior of an Idealized "Wet Clay".”
Proceedings of the Second European Conference on
Soil Mechanics, Wiesbaden |, 47-54.

Roscoe, K. H., Schofield, A. N., and Thurairajah,
A. (1963). “Yielding of Clays in States Wetter
Critical,” Geotechnique 13(3), 211-240.



Roscoe, K. H., and Burland, J. B. (1968). “On the
Generalized Stress-Strain Behavior of "Wet" Clay,”
Engineering Plasticity, J. Heyman and F. A. Leckie,
ed., Cambridge University Press, Cambridge, MA,
535-609.

Valanis, K. C., and Peters, J. F. (1988). “Thermo-
dynamics of Frictional Materials: Constitutive
Theory of Soils with Dilatant Capability—

Report 1,” Technical Report GL-88-20, U.S. Army
Engineer Waterways Experiment Station, Vicksburg,
MS.

Valanis, K. C., and Peters, J. F. (1991). “An
Endochronic Plasticity Theory with Shear-
Volumetric Coupling,” International Journal for
Numerical and Analytical Methods in Geotechnical
Engineering 15, 77-102.

d. Seepage analysis.

Cedergren, H. R. (1967). Seepage, Drainage, and
Flow Nets. Wiley, New York.

Department of the Army. (1986). “Engineering
and Design: Seepage Analysis and Control for
Dams,” Engineer Manual 1110-2-1901,
Washington, DC.

Knowles, V. R. (1992). “Applications of the Finite
Element Seepage Analysis Corps Program
CSEEP(X8202),“ Technical Report ITL-92-6, U.S.
Army Engineer Waterways Experiment Station,
Vicksburg, MS.

Mosher, R. L., and Noddin, V. R. (1987a).
“Finite Element Seepage Analysis of Cofferdam
Embankment for Dewatering the Old River Control
Structure Stilling Basin,” Letter Report, U.S. Army
Engineer Waterways Experiment Station, Vicksburg,
MS.

Mosher, R. L., and Noddin, V. R. (1987b).
“Seepage Analysis for the S.A. Murray, Jr., Hydro-
electric Station,” Letter Report, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS.

Pace, M. E. (1983). “Explanation of 2-D FEM
Seepage Analysis of Unconfined Flow Through an
Earthen Dam,” unpublished paper, U.S. Army
Engineer Waterways Experiment Station, Vicksburg,
MS.

A-37

ETL 1110-2-544
31 Jul 95

Palmerton, J. B. (1993). “Cerrillos Dam, 3-D
Seepage Analysis,” Miscellaneous Pager GL-93-25,
U.S. Army Waterways Experiment Station,
Vicksburg, MS.

Strohm, W. (1990). “Analysis of Drainage System,
Trapezoidal Channel,” Letter Report, Burns
Engineering, Inc., Geotechnical Consultants,
Jackson, MS.

Tracy, F. T. (1977a). “An Interactive Graphics
Postprocessor for Finite Element Method Results,”
Miscellaneous Paper K-77-4, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS.

Tracy, F. T. (1977b). “An Interactive Graphics
Finite Element Method Grid Generator for Two-
Dimensional Problems,” Miscellaneous Paper K-77-
5, U.S. Army Engineer Waterways Experiment
Station, Vicksburg, MS.

Tracy, F. T. (1983). “User's Guide for a Plane and
Axisymmetric Finite Element Program for Steady-
State Seepage Problems,” Instruction Report K-83-4,
U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS.

Tracy, F. T. (1991). “Application of Finite
Element, Grid Generation, and Scientific
Visualization Techniques to 2-D and 3-D Seepage
and Groundwater Modeling,” U.S. Army Engineer
Waterways Experiment Station, Technical Report
ITL-91-3, Vicksburg, MS.

Wolff, T. F. (1989). “Appendix G: Finite Element
Analyses of Gravel Layer and Scour Effects,” Letter
Report, Department of Civil and Environmental
Engineering, Michigan State University, East
Lansing, MI.

e. Soil-structure interaction analysis.

Clough, G. W., and Duncan, J. M. (1969). “Finite
Element Analysis of Port Allen and Old River
Locks,” Report No. TE 69-3, College of
Engineering, Office of Research Services, University
of California, Berkeley, CA.

Clough, G. W., and Duncan, J. M. (1971a).
“Finite Element Analysis of Retaining Wall
Behavior,” Journal of Soil Mechanics and
Foundations Division, ASCE 97(SM12).
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Clough, G. W., and Duncan, J. M. (1971b).
“Finite Element Analysis of Port Allen Lock,”
Journal of Soil Mechanics and Foundations Division,
ASCE 97(SM12).

Clough, G. W., and Tsui, Y. (1974).
“Performance of Tied Back Walls in Clay,” Journal
of Geotechnical Engineering Division, ASCE
100(GT12), 1259-1274.

Ebeling, R. M. (1990). “Review of Finite Element
Procedures for Earth Retaining Structures,”
Miscellaneous Paper ITL-90-5, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS.

Ebeling, R. M., Clough, G. W., Duncan, J. M.,
and Brandon, T. L. (1992). “Methods of
Evaluating the Stability and Safety of Gravity Earth
Retaining Structures Founded on Rock,” Technical
Report REMR-CS-29, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS.

Ebeling, R. M., Peters, J. F., and Clough, G. W.
(1990). “User's Guide for the Incremental
Construction Soil-Structure Interaction Program
Soilstruct,” Technical Report ITL-90-6, U.S. Army
Engineer Waterways Experiment Station, Vicksburg,
MS.

Goodman, R. E., Taylor, R. L., and Brekke, T. L.
(1968). “A Model for the Mechanics of Jointed
Rock,” Journal of Soil Mechanics and Foundations
Division, ASCE (SM 3).

Leavell, D. A., Peters, J. F., Edris, E. V., and
Holmes, T. V. (1989). “Development of Finite
Element Based Design Procedure for Sheet Pile
Walls,” Technical Report GL-89-14, U.S. Army
Engineer Waterways Experiment Station, Vicksburg,
MS.

Mosher, R. L. (1992). “Three-Dimensional Finite
Element Analysis of Sheet-Pile Cellular Coffer-
dams,” Technical Report ITL-92-1, U.S. Army
Engineer Waterways Experiment Station, Vicksburg,
MS.

Mosher, R. L., Bevins, T. L., and Neeley, B. D.
(1991). “Structural Evaluation of Eisenhower and
Snell Locks, Saint Lawrence Seaway, Massena, New
York,” Technical Report ITL-91-4, U.S. Army
Engineer Waterways Experiment Station, Vicksburg,
MS.
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Mosher, R. L., and Knowles, V. R. (1990).

“Finite Element Study of Tieback Wall for
Bonneville Navigation Lock,” Technical Report ITL-
90-4, U.S. Army Engineer Waterways Experiment
Station, Vicksburg, MS.

Torrey, V. H., lll. (1993). “Williamson, WV,
Central Business District, Local Flood Protection
Project,” Completion and Evaluation Report, U.S.
Army Engineer Waterways Experiment Station,
Vicksburg, MS.

f.  Reinforced earth analysis.

Ebeling, R. M., Mosher, R. L., Abraham, K., and
Peters, J. F. (1993). “Soil-Structure Interaction
Study of Red River Lock and Dam No. 1 Subjected
to Sediment Loading,” Technical Report ITL-93-3,
U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS.

Ebeling, R. M., Peters, J. F., and Wahl, R. E.
(1991a). “Prediction of Reinforced Sand Wall
Performance.” Proceedings of the International
Symposium on Geosynthetic-Reinforced Soil
Retaining Walls, Balkema Publishing Company,
Rotterdam, The Netherlands.

Ebeling, R. M., Peters, J. F., and Wahl, R. E.
(1991b). “Lessons Learned from Deformation
Analysis of Wall Experiment,” Proceedings of the
International Symposium on Geosynthetic-Reinforced
Soil Retaining Walls, Balkema Publishing Company,
Rotterdam, The Netherlands.

Fowler, J., Leach, R. E., Peters, J. F., and Horz,
R. C. (1983). “Mohicanville Reinforced Dike #2 -
Design Memorandum,” U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS.

Rowe, R. K., Maclean, M. D., Soderman, K. L.
(1983). “Analysis of Geotextile-Reinforced
Embankment Constructed on Peat,” Canadian
Geotechnical Journal 21(3), 563-576.

Rowe, R. K., and Mylleville, B. L. J. (1990).
“Implications of Adopting an Allowable
Geosynthetic Strain in Estimating Stability,”
Proceedings of the 4th International Conference on
Geotextiles, Geomembranes, and Related Products,
The Hague, 131-136.



Rowe, R. K., and Soderman, K. L. (1987).
“Stabilization of Very Soft Soils Using High Strength
Geosynthetics: The Role of the Finite Element
Analyses,” Geotextiles and Geomembranes 6(1), 53-
80.

Soderman, K. L. (1986). “Behaviour of Geotextile
Reinforced Embankments,” Dissertation submitted to
the faculty of University of Western Ontario,
Canada.

g. Consolidation.

Biot, M. A. (1941). “General Theory of Three-
Dimensional Consolidation,” Journal of Applied
Physics 12, 426-430.

Biot, M. A. (1956). “General Solutions of the
Equations of Elasticity and Consolidation for a
Porous Material: Transactions,” Journal of Applied
Mechanics, ASME 78, 91-96.

Christian, J. T., and Boehmer, J. W. (1970).
“Plane Strain Consolidation by Finite Elements,”
Journal of Soil Mechanics and Foundation Division,
ASCE 96(SM4), 1,435-1,457.

Davis, E. H., and Poulos, H. G. (1972). “Rate of
Settlement under Two- and Three-Dimensional
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Division, ASCE.
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